Abstract Despite lack of convincing evidence that reduced aerobic fitness is associated with chronic back pain (CBP), exercise programs are regarded as being effective for persons with non-specific CBP. It is unsure whether gain in aerobic fitness following intervention is associated with functioning improvement in persons with CBP. The objective of this prospective cohort study was to study the impact of aerobic fitness on functioning in persons with CBP, at baseline and following 3-week intensive interdisciplinary intervention. This study included persons who had passed 8 weeks of sick-listing because of back pain (n = 94) and were referred to a 3-week intensive biopsychosocial rehabilitation program. Aerobic fitness was assessed with a sub-maximal bicycle test at baseline, at admission to and discharge from the rehabilitation program, and at 6 months follow-up. Contextual factors, body function, activity and participation were evaluated before and after intervention. In addition, working ability was recorded at 3-years followup. At baseline aerobic fitness was reduced in most subjects, but improved significantly following intervention. Baseline measurements and intervention effects did not differ among the diagnostic sub-groups. Neither contextual factors nor functioning at baseline were associated with aerobic fitness. Increase in aerobic fitness was not associated with improvements in functioning and contextual factors and work-return following intervention either. From this study we conclude that improvement of aerobic fitness seems of limited value as goal of treatment outcome for patients with CBP.
Introduction
In order to explain persistent pain, activity limitation and participation restriction in chronic back pain (CBP), some decades ago the conceptions ''disuse-'' and ''deconditioning syndrome'' were introduced. These syndromes describe the consequences of longterm-inactivity as deficits in several physical and mental body functioning aspects, such as reduced lumbar mobility, aerobic and muscular fitness, and a higher prevalence of depression [25] .
Despite the fact that there is little evidence to support the hypothesis that reduced paraspinal muscle strength and endurance is related to CBP [31] , in the literature as well as in the treatment, the main focus has been on loss of muscular fitness The assumed association between aerobic fitness and CBP has been questioned as well [31] . Conflicting evidence is available that either supports or rejects an association between reduced aerobic fitness and CBP in general or within specific sub-diagnoses [4, 5, 36, 37, 42] . It is also doubtful whether persons with back pain develop aerobic deconditioning or whether reduced aerobic fitness is associated with other aspects related to CBP such as pain intensity, activity limitation, depression, fear of injury and kinesiophobia [7, 15, 26, 37, 38, 42, 43] . Furthermore, there is inconclusive evidence for the predictive value of aerobic fitness for work-return in CBP [20, 22, 24, 33] Although in general aerobic fitness shows a doseresponse relation to health outcomes [3] , at present, there is modest evidence to suggest that exercise therapy and behavioural and multidisciplinary treatment programs that include exercise therapy are effective in reducing pain, improving physical functioning and activity and reducing the number of sick days in CBP [6, 19, 23, 27, 34] . Depending on intensity and duration, many of these programs for persons with CBP that include aerobic training do indeed affect aerobic fitness [28, 33, 36] . Yet, it is not inevitable that an increase in aerobic fitness has major impact on resolving the burden of CBP. Gain in aerobic fitness may be accompanied by improvements of other outcomes, but it is unclear whether these are relevant for the principal aim of intervention for CBP such as pain relief, disability reduction/functioning improvement and return to work. To our knowledge no studies have focussed on the specific value of gain in aerobic fitness for changes in other aspects of CBP before. The objective of this study was therefore to evaluate the impact of aerobic fitness on pain, functioning and some contextual variables in persons with CBP, at baseline and following an intensive interdisciplinary intervention.
Materials and methods
All inhabitants of an urban and a rural town (Sandefjord and Lardal municipality) in southern Norway who had passed 8 weeks of sick-listing 1 with back pain as dominant symptom were referred to the outpatient department of the Kysthospital, Vestfold counties hospital for Physical Medicine and Rehabilitation 2 . All subjects were in writing and orally informed that their referral to the hospital and examination was part of the Vestfold Back Project. They went through a comprehensive diagnostic examination as an outpatient and referred to treatment if indicated [12] . All diagnostic procedures, history taking and data collection within this study were part of standard medical specialist practice and, therefore, not subjected to approval of an ethics committee.
Materials
The subjects included all persons admitted to the intervention programme during a period of 2 years. To be included in this study, the subjects had to be between 17 and 60 years of age and participators of the XXX Back Project. Two percent of the persons who were referred to the project did not show up for unknown reasons. Subjects who at the first examination (1) were not sick-listed anymore, (2) had a sickness grade less than 75%, (3) received a disability pension, (4) were pregnant, (5) were on sick leave because of back-surgery, (6) were taking medication influencing heart rate response, or (7) were employed as a civil servant 3 were excluded from this study. In case of serious functional disability, either somatic or psychological, the patient was referred to a 3-week inpatient intervention program at the hospital. In addition, the patient had to be motivated for this intensive program. Of all 195 persons (98 females, 97 males) who met the primary inclusion criteria, 118 persons (61%) were referred to a 3-week inpatient intervention program at the hospital, because they were assumed to benefit from this program.
A total of 24 persons (20%) were not able to participate at the 6-months follow-up examination, mainly because of work obligations. These individuals are not included in the analysis, so, the final study group consisted of 94 subjects. There were no significant differences in baseline characteristics concerning age, gender, sub-diagnosis, and the other functioning and contextual variables between the 24 drop-outs and the included persons (data not shown). There was no difference in short-time intervention response regarding pain intensity and other body-functioning or work-return at 3-years follow-up either.
Following the initial clinical examination and medical history, the patients were divided in three categories of sub-diagnosis: Baseline characteristics are presented in Table 1 .
Procedures
Data were collected at baseline, at admission (median 28 days following baseline assessment) to and discharge from the 3-week intervention program, and 6 months after discharge from the program. The medical insurance status of all subjects was registered for 3 years following initial sick-listing. Because of the short period of time between moments of data collection at baseline and at the start of the program, some variables that were not expected to change in such a short period were not repeated ( Table 2 ).
Assessment of aerobic fitness
Aerobic fitness was assessed with ''Å strands sub-maximal 6-min protocol'' [2] on a cycle ergometer (Siemens, Ergomed 840) with such a workload that after 6-min heart rate reached values between 120 and 170 beats/min. Heart rate was recorded at a 5 s interval with Sport Tester TM PM-3000 (Polar Electro). From mean heart rate and workload in the last minute, maximal oxygen uptake per kg body weight was estimated with the Å strand nomogram [2] . Results were expressed as a percentage from normal values [10] .
Assessment of contextual factors
Sociodemograhic data, and pain history were evaluated by a simple questionnaire. Comprehension concerning back pain origin and treatment were assessed at a ten-point Likert scale. Sick-listing duration was obtained from the Sickness register of the local offices of the National Insurance Scheme. Satisfaction with social aspects of life (family/friends and work) was evaluated by APGAR test (Adaptation, Partnership, Growth, Affection, and Resolve) [32] .
Assessment of functioning
To quantify Body Structure and Function impairment, pain intensity was assessed by a 100 mm horizontal visual analogue scale (VAS). Lumbar spine flexion was assessed with an electronic digital inclinometer by measuring differences between range of motion in flexion in sacrum and T12-L1 [17] . To quantify mental distress, the anxiety, depression and irritability scheme (ADI) was used [13] .
Only total scores were considered in this study.Back pain related activity limitation was assessed with the oswestry low back pain disability index (ODI) [9] . Ability to run was measured with a question from the Norwegian questionnaire ''Sports, Leisure time and Living circumstances'' [8] .
Practical physical performance was evaluated with a standardised lifting test. Lifting technique was optional [41] . The number of lifts was recorded. Participation restriction was assessed by checking out workability (workable vs. sick-listing or permanent disablement) from the records of the local offices of the National Insurance Scheme, 3 years following initial sick leave. In addition, training habits were evaluated with an item from the Norwegian questionnaire ''Sports, Leisure time and Living circumstances'' [8] .
Intervention
The intervention, an intensive interdisciplinary biopsychosocial rehabilitation, was based on a functional restoration program and took its starting point from a cognitivebehavioural and functional approach in which treatment is guided by functioning instead of pain [25, 39] . An important message was that ''hurt does not mean harm''.
The main aim of the treatment was to reduce disability and dysfunctional behaviour and to increase empowerment and participation in life situations by removing fear and uncertainty and increasing physical body functioning and activity.
The treatment consisted of a 3-week inpatient program with daily 6-8 h of activities, individually or in groups. The cognitive-behavioural approach was covered in the training, educational program and individual counselling with members of the multidisciplinary team. The physical training was based on the sports medicine approach, i.e. exercise with low intensity and many repetitions, with gradually increased intensity during the training period, aimed at an increase in aerobic fitness, strength and flexibility. They were encouraged to use their backs freely. Reinforcement of this message was incorporated in all activities with the aim of influencing their attitudes.
After the inpatient program, the patients were encouraged to continue exercising. Although our inpatient program consisted of indoor activities as well, outdoor activities were promoted in accordance with Norwegian traditions. Sophisticated fitness training equipment was not 
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A A 'C' indicates measurement only used for subject characteristics. ''A' indicates measurement included for analysis, '9' indicates measurement not used for analysis used out of the philosophy that the follow-up training would be easier if the patients were less dependent on extensive fitness equipment for their physical training.
Data analyses
Aerobic fitness and lumbar flexibility were related to adjusted normative data [10, 25] (raw data score/normal values 9 100%), considering age and gender, and for aerobic fitness for bodyweight as well. A value of 100% indicates a result equal to the gender specific population average and values below 100% indicate effort below normal. Change scores (difference between admission and discharge or between admission and follow-up) were calculated for all outcome measures. In case of missing data, data collected at admission to the intervention were replaced by baseline-data and data collected at discharge were replaced by follow-up data and vice versa. The analyses were performed with SPSS 15.0 software.
To assess whether the estimated values for aerobic fitness deviated from normative data a one-sample t test was used (test value = 100). For sociodemographic data and aerobic fitness, differences between the three diagnostic categories were evaluated. For factors measured at an interval and ratio scale, oneway-Anova was applied and for nominal data Pearson Chi-square. To assess the effect of the intervention program on aerobic fitness and the other factors a paired-samples t test or Wilcoxon test for paired data was used.
The association between aerobic fitness and the other measures were calculated with the estimation of Pearsons correlation coefficients (r). Difference in aerobic fitness in persons with unlike future work status (workable vs. not workable) was analysed with Independent-Samples t tests. P \ 0.05 were considered as being statistically significant. For the correlation analyses (Table 4) , a Bonferroni correction was used because of multiple testing (k = 33). In these analyses the level of significance was set to 0.002
Results

Baseline
The persons with CBP, showed significantly reduced values for aerobic fitness compared to normative data (Table 3) . Reduction was significantly greater in men (25%) than in women (13%), (P = 0.004). Aerobic fitness seemed not associated with pain duration or sub-group diagnosis.
Aerobic fitness was not correlated with other functioning measures and contextual factors (Table 4) at baseline either. Only lumbar flexion showed a tendency to be moderately correlated (r = 0.276, P = 0.008, not significant) with aerobic fitness at baseline.
Intervention response
Irrespective of diagnostic sub-group, aerobic fitness improved significantly after intervention with 12.6% in the Table 3 Aerobic fitness at baseline and discharge (VO 2 max estimated from Å strand nomogram and % from normal) in all patients and in patients with specific back pain (SBP), non-specific back pain (N-SBP) and widespread pain (WSP) group of persons with specific back pain, 9.7% in nonspecific back pain and 7.8% in persons with widespread pain (Fig. 1) . However, aerobic fitness was still significantly below (20%) normal values in male patients. No additional improvements or relapse was seen during the follow-up period. In addition, pain intensity (42.6-36.4, P = 0.044) and ODI (26.4-20.2), P \ 0.0005) decreased and the other body function and activity performance measures, socialwell-being at work and disease comprehension increased significantly following intervention.
After intervention, aerobic fitness was not correlated with any of the other functioning and contextual factors, nor did the improvements in aerobic fitness correlate with improvement in any of the other factors (see Table 4 ).
Predictive value for future work status At 3 years following initial sick-listing, 31.6% of persons with SBP, 30.9% of persons with N-SBP and 20.0% of the persons with WSP were, again or still, sick-listed or were permanently disabled (not-workable).
Aerobic fitness at baseline, after intervention and gain in aerobic fitness following intervention did not differ between the persons who were not on sick leave anymore (workable) and those who were not workable 3 years later (Table 5) .
Discussion
Exercises are a central component in almost all multidisciplinary treatment programs for CBP patients [11, 30] . In recent reviews on exercise therapy the specific value of aerobic exercises could not be evaluated since only a minority of the studies had specifically used aerobic exercises [1, 14] .
In this study, sub-maximal cycle-ergometry was chosen to estimate aerobic fitness. Maximal work tests in these persons may rather represent a measure of activity limitation rather than a real impairment of aerobic capacity. Because of a high degree of psychological distress, pain and disability CBP patients often tend to overrate their actual individual effort and do not achieve maximal effort [16, 29, 35, 40] . A sub-maximal test or comparison of anaerobic threshold seems therefore preferable. Although indirect measurement introduces limitation in inter-subject accuracy the reliability for the Å strand protocol and nomogram is found to be acceptable in persons with CBP Fig. 1 Aerobic fitness (% from normal)-intervention response, in patients with specific back pain (SBP), non-specific back pain (N-SBP) and widespread pain (WSP). P-values evaluate significant changes. ** P B 0.05, *** P B 0.01 [18] . This was confirmed in our study, since aerobic fitness did not change in the pre-intervention period. Aerobic fitness is strongly related to gender, age and bodyweight. To compare groups fairly, we related estimated maximal oxygen uptake per kg body weight for each individual to normative data. Because of the absence of updated Norwegian normative data for oxygen uptake, an American database was used to relate our results to [10] . Despite the fact that American normative data of aerobic fitness tends to underestimate Scandinavian values, aerobic fitness in our population seemed below normative values at baseline and comparable with a similar Norwegian back pain population [5] . These results seem to support the assumption of an association between reduced aerobic fitness and CBP. After intervention aerobic fitness was only reduced in male patients.
In case poor aerobic fitness in sick-listed persons with CBP is acknowledged, still it is unsure whether this is specifically related to biological or behavioural aspects of CBP or to other characteristics of this population. It has been shown before that low education, unemployment, retirement, as well as blue-collar work is associated with reduced values of maximal oxygen uptake [21] . It deserves notice that these characteristics correspond very well to the sociodemographics of the subjects evaluated in this paper [45] . The association of specific sociodemographic characteristics with aerobic fitness, CBP and long-lasting sickness in general need to be evaluated further.
As expected, aerobic fitness improved significantly following intervention. Though, since neither this gain in aerobic fitness nor its baseline values were related to other functioning improvements, aerobic fitness may not be considered as essential for intervention success. Increase in aerobic fitness as aim of treatment in CBP seems therefore of limited value since gain in aerobic fitness is not one of the primary outcomes for CBP management.
However, this conclusion does not tell us anything about the value of aerobic exercise training for general health benefit and for essentially cognitive behavioural effects. Apart from physical benefits, exercise may rather be effective as an approach for affecting behavioural, cognitive, affective and disability components of CBP [27] . As we know, such factors play crucial roles in the development and maintenance of CBP. Verbunt et al. [38] found that aerobic fitness neither was correlated to disability nor to fear of injury, they did find a significant correlation between fear of injury and disability. Exercise may therefore be useful for reducing back-pain related disability as a tool to lessen excessive fear and concerns about back pain and alter maladaptive pain attitudes, beliefs and behaviour. Probably these are the factors which mediate functioning and participation improvement, including return to work. It is therefore of importance to consider the impact of treatment on these factors. Unfortunately, back pain beliefs and consequential avoidance behaviour were not evaluated in this study.
Conclusion
We conclude that intensive interdisciplinary biopsychosocial rehabilitation increased the reduced aerobic fitness of persons with different sub-diagnoses of CBP. However, this improvement was not associated with improvement in any other physical and mental functioning, social wellbeing or return to work. The results of this study suggest that focus on the cognitive-behavioural approach in the intervention is more important to improve results than adding a functional approach and increasing physical fitness. Improvement of aerobic fitness seems of limited value as goal of treatment outcome for persons with CBP. 
